Citizen science programs monitoring ecosystems and natural resources are promoted for their potential to foster environmental awareness and stewardship. We surveyed volunteers in natural resource monitoring programs to determine whether they perceived changes in their environmental attitudes and decision-making. The majority of participants perceived changes in their attitude toward the resource being monitored, but not in their decision-making toward the resource they monitored or toward the environment more broadly. While the resources volunteers monitored in this study were diverse, program volunteers themselves were not. Participants were largely white, older, affluent, well-educated, held strong preexisting environmental attitudes, and were involved in other conservation, research, or management efforts. While engaging this narrow range of self-selected volunteers has the potential to reinforce existing pro-environmental attitudes through strengthening social networks, citizen science programs can increase their potential to promote attitude and behavioral change by making a concerted effort to engage a more diverse "citizenry."
Introduction
Citizen science is increasingly recognized as an important and cost-effective means to obtain natural resource monitoring data to inform conservation policy. But data by itself have limited ability to influence conservation policy and outcomes, which are highly dependent on public attitudes and behavior (Toomey et al. 2016) . Because citizen science directly engages the public in conservation-relevant research and experiences, it is also touted as having tremendous potential to reinforce pro-environmental attitudes (Gommerman & Monroe 2012) and foster increased environmental stewardship (McKinley et al. 2015) . If such claims are warranted, citizen science could be an important tool for advancing environmental protection goals. As Schultz (2011) and others have argued, "conservation means behavior" and, ultimately, conservation goals can only be met by significant, but often elusive, attitude and behavioral changes at an individual level.
Citizen science programs often operate under the assumption that increasing participant knowledge of environmental issues fosters pro-environmental attitudes, which in turn increases tendencies toward proenvironmental behaviors (Jordan et al. 2011 ). Yet, this information "deficit" model of public understanding and action (Sturgis & Allum 2004 ) is flawed; knowledge and attitudes do not necessarily translate into action. Experiments have found that pro-environmental attitudes are frequently not correlated with pro-environmental behavior (Kollmuss & Agyeman 2002; Heberlein 2012) , and increased environmental knowledge is not always associated with pro-environmental attitudes (Weaver 2002; Hunter & Rinner 2004) . More recent models seek to explain this "gap" between knowledge, attitudes, and behavior through the inclusion of barriers and incentives (Toomey & Domroese 2013) . For example, Kollmuss & Agyeman (2002) present a framework in which demographic factors (gender, age, education, etc.) interplay with external factors (institutional, economic, social, and cultural) and internal factors (motivation, environmental knowledge, values, attitudes, environmental awareness, emotional involvement, locus of control, responsibilities, and priorities) to create incentives or barriers for pro-environmental behavioral change.
This complex relationship between knowledge, attitudes, and behavior indicates that citizen science programs may not necessarily promote pro-environmental attitudes or behaviors among participants. Indeed, systematic studies have not detected statistically significant attitude changes (Brossard et al. 2005; Crall et al. 2013) , although Toomey & Domroese (2013) suggest that volunteers do perceive changes in their own attitudes and behaviors, and a range of other potential outcomes have been documented (Stepenuck & Green 2015) . Participation in citizen science may encourage changes at the individual level, such as discussing environmental concerns with friends or changes in personal decisions, while involvement in collective management efforts is less common (Overdevest et al. 2004; Jordan et al. 2012) . Participation in citizen science may promote increased knowledge about and concern for the resource being monitored and a deeper connection to nature (Haywood et al. 2016) . The participatory nature of citizen science may also foster community collaboration and participation in management (McKinley et al. 2015) , promote increased social capital, and expand social networks for local environmental action (Overdevest et al. 2004; Haywood 2015; Stepenuck & Green 2015) . While the precise drivers behind engagement in natural resource management remain unclear, citizen science is frequently viewed as a potential gateway for engagement.
Here, we explore whether participation in citizen science programs monitoring natural resources results in changes in environmental attitudes or behavior. We document how participants perceive changes in their own attitudes and decision-making as a result of participating in monitoring. Ultimately, we argue that a deeper understanding of who self-selects to volunteer in citizen science programs and the ability of these programs to truly influence attitudes and behavior are critical to maximizing the potential for citizen science monitoring to advance conservation goals.
Methods

Case study programs
We surveyed participants in eight citizen science programs that monitor natural resources (Table 1) , using a purposeful sampling approach (Patton 2002) . Six of these programs, monitoring diverse resources, were located in southern California (USA). Three of the programs monitored water quality in different regions of the United States (San Diego County, CA, Charleston, SC, and south-central WI). The size of volunteer pools ranged from 19 trained volunteers to more than 750, monitoring narrow to broad geographic areas (Table 1) . This diversity in geography, size, scope, and type of resource monitored was purposefully intended to represent a wide range of citizen science programs.
Data collection and analysis
Surveys were administered to the full available volunteer pool for each program, excluding participants under the age of 18 or whose participation had lapsed more than 5 years 1 . The survey instrument included openended, 5-point Likert-type, and multiple choice questions focusing on motivation for participation, perceptions of change in attitudes and decision-making, engagement in natural resource research and management efforts, and demographic information. Both a mail and web-based survey instrument were developed and distributed following Dillman's Tailored Design Method as closely as possible (Dillman et al. 2014) , with care to minimize measurement error between the two formats. Survey distribution varied between programs based primarily on availability of volunteer contact information 2 . A small incentive was provided to increase response rates.
Nonparametric statistical tests were used to analyze the quantitative survey data, which were ordinal or nominal in nature and not normally distributed. We used the Mann-Whitney U test to determine statistical significance for ordinal variables and chi-squared test for nominal variables. Analyses were conducted using SPSS version 24 (IBM, Chicago, IL, USA). Open-ended responses were analyzed using an iterative, inductive approach (Thomas 2006) , whereby themes of interest emerged from a systematic reading of the data. All codes were grouped into primary thematic categories and subcategories, representing the key themes that are presented here.
Results
Volunteer demographics and background
We received a total of 306 surveys, with a response rate of 31.2% 3 . Across all programs, the demographic profile of volunteers was predominantly white (90%), evenly split between males and females, and tended to be older than average for the corresponding geographic region ( Table 2 ). Half of respondents had an annual household income of $100,000 or more, and 40% had a graduate degree. Seventy-three percent reported volunteering with the program in the past year, and 66% reported volunteering with other conservation organizations, as well (Table 3) . Thirty-nine percent of respondents indicated that they were also currently engaged, either professionally or as volunteers, in formal research or management efforts beyond their role collecting data for the citizen science program.
Volunteer attitudes and decisions
Analysis of the Likert-type data indicated that the majority (57%) of respondents agreed that their attitude toward the specific resource they monitored had changed since starting to volunteer with the program, and 43% agreed that their attitude toward the environment more generally had changed (Figure 1 ). There was a strong positive association between these two variables; those who perceived a change in their attitude toward the resource were likely to also perceive a change in their attitude toward the environment more broadly (X 2 = 80.545, df = 1, P<0.001, φ = 0.543). Thirty-nine percent of respondents stated that they saw a change in their decisionmaking process when it may affect the specific resource they monitored, and 35% saw a change in their decisionmaking as it affected the environment more generally, again with a strong positive association between the two variables (X 2 = 7.976, df = 1, P<0.001, φ = 0.577). Open-ended responses revealed that attitude changes were frequently associated with increased awareness, understanding, or appreciation of the resource or environment more generally, often resulting from first-hand experiences in the field (Table 4) . Participants perceiving
Percieved changes in respondent's attitude and decision-making since beginning to volunteer with the citizen science program DecisionMaking ǂ § The proportion of "not sure / no opinion" responses for each question was small (2-4%) and was omitted from subsequent analyses.
* A chi-square test of independence was performed to examine the relation between change in attitude towards the resource and change in attitude towards the environment. The relation between these variables was significant (X 2 = 80.545, df = 1, p <0.001). A phi coefficient indicated a moderately strong positive association between the two variables (ϕ = 0.543). ǂ A chi-square test of independence was preformed to examine the relation between change in decision-making towards the resource and change in decision-making towards the environment. The relations between these variables was significant (X 2 = 7.976, df = 1, p <0.001). A phi coefficient indicated a moderately strong positive association between the two variables (ϕ = 0.577). § Figure 1 Line bars indicate the percentage of volunteers who perceived a change in their own attitudes and decision-making toward the resource being monitored and toward the environment since volunteering with the citizen science program.
a change in their attitude also mentioned an increased concern for or desire to protect the resource, as well as increased feelings of connectedness to the natural world because of their volunteer experiences. Others indicated an increased appreciation for the importance of natural resource monitoring and/or management. Many noted that their attitudes had not necessarily changed, but their experiences had reinforced or strengthened preexisting pro-environmental attitudes, deepening their commitment to environmental protection or personal connection to the natural world. Some respondents indicated that volunteering with citizen science programs had helped strengthen environmental attitudes through exposure to other volunteers with strong environmental values. These expanded social networks also helped participants learn more about additional environmental volunteer opportunities.
Participant age was a significant factor in predicting attitude change, both specific to the resource and more generally toward the environment (U = 7665, P<0.05, r s = -0.15), with younger respondents more likely to perceive a change in attitude (Figure 2 ). Other demographic factors were not significantly correlated with attitude changes, although the limited demographic diversity in our sample constrained our ability to detect such changes. While it was not captured quantitatively by the Likert-type questions in the survey, analysis of open-ended questions suggested that volunteers who were not already highly involved in environmental science or protection efforts often expressed the strongest perceptions of change in attitudes.
Among the respondents who perceived a change in their decision-making processes, personal lifestyle changes were most frequently cited. Respondents indicated that participating in monitoring activities had increased their awareness of waste, particularly of plastics and trash in the environment, leading them to reduce consumption, recycle, and pick up litter. Some also stated that they discussed conservation issues more with friends and family or had begun contacting political decisionmakers.
Across all questions, respondents who did not perceive a change in their attitudes or decision-making processes often indicated that they chose to volunteer because of strong preexisting pro-environmental attitudes and values. These volunteers stated that they already strongly have learned just how important a role fire plays in the maintenance of a balanced ecosystem. I am now a firm supporter of the idea of allowing naturally started fires to burn themselves out, within a reasonable sized perimeter, although I also understand the need to control fires to protect human lives and property, especially during Santa Ana conditions."
"At the San Dieguito Lagoon there are a series of 4 settling ponds. I was amazed the first time we had enough water to get through all 4 ponds. The water quality was significantly better coming out of the 4th pond than what was coming in to the first pond. Sometimes it is hard to understand why engineers have developed certain remediation projects and this really drove it home." Increased concern for the wellbeing of, or desire to protect/conserve the resource or environment "The more I learned about the wildlife in our area, the more my perspective changed regarding the past, current, and rightful place of wildlife in areas shared with or controlled by humans. I've become more tolerant of the negative aspects of sharing space with wildlife, more interested in finding opportunities to study them in their own habitat, and more committed to efforts to increase our accommodation of wildlife in our cities and open spaces."
"I am more inspired to protect the resource as I spent a morning examining it in great detail and see how it is being harmed by recreationists. So tracking helped me notice damages from recreationists and makes me want to protect it."
"It is more clear to me that it is important to enhance, protect, and create natural areas (i.e., with native plants and animals)." Increased sense of connectivity to nature "I have more of a connection with our local waterway." "I feel more intimate with the creek after wading in it to take samples and measure parameters." "Our environment is like a living organism. To think ourselves as separate in any way is a delusion."
Reinforced preexisting attitudes, values, or beliefs
"I always believed we should protect native habitats, but going in the field looking for new plants reinforced that belief." "Although I already am concerned about the environment and its protection and preservation, it [volunteering] has increased my commitment to these values." Increased recognition of need for or value of efforts to monitor and/or manage the resource, or the natural world more broadly "I understand the significance of having a baseline to compare the changes in the ocean now." No change "I already had a high level of concern for the environment." "I always had strong attitudes toward the resources. Figure 2 Younger volunteers were more likely than older volunteers to perceive a change in their attitude toward the resource they were monitoring and toward the environment in general. The horizontal lines within the boxes indicate the medians, the boxes indicate the interquartile range, and the whiskers indicate minimum and maximum values.
(I) Those who agreed that their attitude toward the resource being monitored had changed (median = 45-54 years old; mean rank = 151.49) were younger than those who did not agree (median = 45-54 years old; mean rank = 128.01). Mann-Whitney U value was found to be statistically significant (U = 7665, p < 0.014). A Spearman's correlation indicated a weak negative monotonic relationship between age and agreement (r s = -0.15).
(II) Similarly, those who agreed that their attitude toward the environment in general had changed (median = 45-54 years old; mean rank = 143.81) were younger than those who did not agree (median = 45-54 years old; mean rank = 125.11). Mann-Whitney U value was found to be statistically significant (U = 7753.5, p < 0.047). Again, a Spearman's correlation indicated a weak negative monotonic relationship between age and agreement (r s = -0.12).
considered environmental impacts when making decisions, and many were already heavily involved in efforts to protect the environment prior to volunteering with the citizen science program. While these respondents perceived other benefits of volunteering, they saw no change in their attitudes or decision-making resulting from their participation with the program.
Discussion
While recognizing its substantial potential to strengthen pro-environmental attitudes and behavior among participants, both decision-makers and practitioners must guard against the simplistic assumption that citizen science automatically increases such attitudes and behavior. Over half of the volunteers in our sample did perceive a change in their attitudes toward natural resources, although fewer perceived changes in their behaviors. A perceived change in attitude was more prevalent among younger volunteers, possibly because younger people are more open to experience (Costa et al. 1986 ) and younger participants may have fewer prior experiences with environmental conservation and monitoring activities. While changes in attitudes toward the broader environment were less prevalent than changes in attitudes toward the resource being monitored, the two were tightly correlated, and perhaps difficult to differentiate, given the range of resources and monitoring goals of the programs and the frequent overlap between resource-specific and general environmental attitudes observed in the openended responses. Open-ended survey responses indicated that many citizen science volunteers already have strong proenvironmental attitudes, behaviors, and social norms, consistent with findings for volunteers with conservation activities and environmental organizations more broadly (García-Valiñas et al. 2012) . Indeed, pro-environmental attitudes and the desire to protect or enhance the environment were often cited as the motivation to participate in citizen science programs. An individual's preexisting behavior patterns have been documented as one of the greatest barriers (or contributors) to pro-environmental behavior, which is strengthened the most when internal factors (e.g., knowledge, values, and attitudes) and external factors (e.g., institutional, social, and cultural) act synergistically (Kollmuss & Agyeman 2002) . Thus, it may be that while citizen science programs are not dramatically altering volunteers' attitudes and decision-making, they still play a valuable role by reinforcing pro-environmental attitudes and behaviors through exposure to expanded social networks of like-minded individuals and an institutional culture supportive of pro-environmental behavior.
The pro-environmental behavioral changes that resulted from participation in citizen science programs were often broadly environmentally favorable, such as reducing the use of plastics and picking up litter, but also frequently included specific changes motivated by participants' experiences monitoring resources. For instance, one water quality monitor stated: "I'm much more inclined to fix car leaks. I try to use less salt, etc., anything that will go down the storm drains." Similarly, volunteers monitoring marine life cited shifting toward sustainably sourced seafood, and those documenting the spread of invasive species mentioned planting native vegetation.
Toward more inclusive citizen science
While the resources being monitored by programs included in this study were very diverse, as were the methods for monitoring those resources, the people who participated in monitoring were not. Volunteers were more frequently white, more highly educated, older, and more affluent than the general population (Table 2 ). This profile is similar to other studies of citizen science (Brossard et al. 2005; Crall et al. 2013; Toomey & Domroese 2013) and aligns with trends in environmental conservationism more broadly. Volunteers in these eight programs, specifically designed for natural resource monitoring, were particularly likely to be highly educated, with 89% holding at least a bachelor's degree, and 40% holding a graduate degree (in contrast to 29% and 10% of the national population, respectively).
As we have previously suggested, the nexus between program goals and nature of the resource being monitored influences how citizen scientists may be engaged in the research process (Chase & Levine 2016) . Programs may have a narrow objective to collect highly reliable long-term datasets, placing less emphasis on fostering pro-environmental attitudes or behaviors. Monitoring may call for technical data collection methods requiring substantial knowledge or training. In these cases, recruiting a highly educated volunteer pool with experience in research or management may advance program objectives.
However, there are growing calls for the inclusion of a wider range of voices and values in conservation (Tallis et al. 2014) , and citizen science has been touted as a mechanism to generate more inclusive science for conservation (Liebenberg 2015) . As such, the goals for many citizen science programs include community engagement, environmental education, advocacy, and influencing participants' attitudes and behaviors (e.g., Reef Check California's explicit goal to "develop an informed and educated constituency supporting science-based management" [Reef Check Foundation 2016] ). In many cases, tensions arise between monitoring and educational goals, and trade-offs must be made (Chase & Levine 2016) .
The demographic trends found in citizen science programs for natural resource monitoring likely result from both recruitment strategies and self-selection. The programs included in this study predominantly recruited through word of mouth (via current volunteers and environmental professionals), posting information on organization websites, or advertising via other environmentally oriented outlets. These recruitment techniques are more likely to reach populations with professional backgrounds in natural resource research or management and individuals predisposed to have an environmental research and/or conservation orientation. These populations might also self-select to volunteer with citizen science programs at higher rates than other groups given their own interests and levels of experience. We note that all programs included in this study operate in the United States and primarily engaged volunteers in data collection activities (e.g., contributory model); these trends might differ in developing country contexts, where the populations being engaged in monitoring are very different (Danielsen et al. 2005) , in programs where volunteers serve substantive roles beyond data collection (e.g., cocreated model) (Bonney et al. 2009 ), or in natural resource monitoring programs with an environmental justice orientation. But, as Pandya (2012) argues, this lack of diversity in U.S.-based citizen science monitoring programs "is not consistent with a democratic approach to science" and limits its potential.
Given increasing calls for citizen science to advance multiple goals, from monitoring to education to behavioral change, across a wide range of countries and contexts, it is critical that programs take a thoughtful look at how these goals are achieved. Participant responses in this study support claims that citizen science programs have potential to reinforce and expand environmental attitudes and foster new opportunities for proenvironmental behavior among those already inclined toward environmental protection, increasing participants' ability and desire to take concrete action toward environmental goals through the experiences and social networks they develop as volunteers. Expanding these social networks to engage members of the public who are traditionally less involved in environmental monitoring and management, and thus have the greatest potential for attitude and behavioral change, would increase citizen science's potential to create new environmental advocates among the public. For example, one respondent stated:
"My attitude towards the environment has changed significantly, not specifically because the data I collect, but more because of the values of the people I work with and my desire to get more involved since I started volunteering . . . . the most important part of this volunteer position was the network of people and values that it exposed me to. Since I started volunteering I've been really inspired to get more involved . . . "
Furthermore, diversifying volunteer networks may increase the capacity of both "traditional" and "nontraditional" citizen scientists to act as environmental advocates. Exposure to diversity encourages complex thinking (Gurin 1999) , and interpersonal interaction with a more diverse pool of volunteers would provide opportunities for participants to think about and communicate their environmental attitudes, behaviors, and beliefs in more nuanced ways. Involving volunteers who come from backgrounds not traditionally associated with conservation would integrate them into social networks that support pro-environmental behavior, while simultaneously providing an opportunity for traditional citizen science volunteers to interact with populations who may have different perspectives and priorities relating to the environment. Actively bringing together "traditional" and "non-traditional" volunteers through citizen science has the potential not only to expand environmental awareness and behavior, but also to foster communication that can help bridge unconscious divides in the public's perspectives toward environmental issues.
Diversifying volunteer networks in citizen science will not be a simple undertaking. Programs already operate under limited budgets and benefit from the commitment of a highly dedicated volunteer base. But to maximize their potential to influence environmental attitudes and decision-making, programs must make a concerted effort to engage a more diverse "citizenry," actively recruiting and involving populations that may be less scientifically literate and may not have strong preexisting pro-environmental attitudes or behavioral patterns.
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